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I .  IN TRODU CT JON

\ ~e r i c S  i h i  t o u r  obi i . iu e  i mp a c t  c O m p u t a t i o n s  (30°, 45 0
, 60°, and

I i n v o l v i n g  a copper  ~et i m p a c t i n g  a steel p l a t e  were comp leted in
1 ~‘‘~3 i i  t h e  Bal list Ic  R e s i a  r ch  L ;Ihu r a t o r v  1 This  work was performed
1i~ III . I R I  I~ORI 2 and I ) ORF ~~ ‘ ‘ and anc 11 l a rv  programs CUB I T 3 and AD3UST~
l~~ j ( j  ( O11 1 ~~~~~~ Ni . p\ \ I I~~ ,_ 5 . . 1_ ( b 7 3 $ .

he t i t  ~t 101’ 1 ~~C . h a s  been i i i  rec ted towards  a g rap h i c a l  d isp i av
it’ .i t r o r n  t h t ’ .i’ L h l r i i I t . h t  i o n s .  The four  o b l i qu e  impac t s  in the

I t ’ %  i rt’~ t’iite d i n  su~~ t c J i t  i i i  V olIthics 5 ’6;7 w i t h  the  r e s u l t s  of the
(ft .) ° . * I . 1 1 1 1  y I IiII~~l c t  be i i .~ r e p or t e d  here .

11.  DI 8CR I P T I O .\ Of HE PROBLE M

The 60 ° o b l i que i m p a c t  cooi ’at  a t  ion i n v o i c e d  a copper i c t  w i t ! )  a
11 .70 86—m m r a d i u s  impac t  i .n ~ on a l 2 .~’— m m t h i c k  s t e e l  target . The ob~.iuuitv

I c  i s  measured  b et  seen t h e  n orma l to  the  t a r g e t  and the  a x i s  of the
.1 et • I n~ t’ ‘FRI DDR F U s e S  .1 r et  f a r  g r i d , t he copper et was t r e a t e d
.4~, .1 ‘ l I  ~ i t  Ii .t .~~f h l . t  I C  C I i ~~~~S s C Ct  ion I . 256—mm w i d t h , t h u s  p r e s e r v i n g
fl it C I s S — S e i t 1011,1 ! i i ~~~. i of  t h e  ~ .O . The im p a c t  v e l o c i t y  sas  7 .55  k m / s .

the I i I I ~~I I I i  u rm  ‘ i  t i e  cc cl t i o n  of s t a t e  was  used f or  t he
t o l  l i t  .i~ 10115.

I . .~~. t . ~~~~~~~~~~~~~~~~ ‘T c - I  hr ~ ( i I ! i t t  t t  Ii t ( i ’ i i ~ ( II  Pc’ c t ~ cI t0~ —TcL ’L c t
I~ (~~~~~C t ( i~~~, ” t~ i t t c ~~t c C  ~~~cc ’:c L , c ’ r t r ’: ’  ~~ :ccc t i ~ RCf l ( ’~~t

3~~ , . .~~ . . l~~ 7. (AV A0 41 058)

2 . ~~~. L .  1 c .  ~ , “7 ~~] i Y P t  ‘ A  T. -~~ i~~C ’: ( I f  Vc ~~~c l l  ~ t1~c TRI C1L Cc ’ 1c
c t  ~ ~ ‘: l b :  H , t a t e ’: C1d ~ C~’ i ~t i f  t i i i t l , CCC- 976, ~c tcr L~ ’i 1976.

• .~~. . , 
1 ’ C J ’  (‘~~~~~c t • ’ t ( t l  ~ t ici’ i , ’ A~~i Fc~~~ ~~~~~ p ci~~ Lab~~ate~ oPc j . t  ~~~~~~ 

.t L..I . _ T R ~ 7 Q_ 1 4 4 , A c  1971 .
4 , ~~ . L . Jl I1H3I O , 1T1 ~c c  i l l ’ . t I ( 1 2 d  A~~ t ( C 1 ~~~{( l i  o ’ Ccr ’ii tc~ P O r , ~ t

to 1 : ~ :iC ~~~~ ~u~ t( r .5 , ~c c o c c  and ~ i t i a~~c , 3SP-749 ,
J ~r i c ’  1971 .

5. L • E . JC ’1iH5c11 ann V. r...u c li c ~~, “Tii ’ic ~ — V.~o, c u~ cIoiia f Ccnr u tci t ( ( l 1 ~
Vc eu,rc 1: 30 ° Ob1~ { 1 u c  ini 1act” , baLi. ~ t.~c. Rc.~ ca’tcii Lcth a
Ccu~ trtcto .~ Rcp c ’~ t ~1 . 344 , Ju i o  1977 . (AV ~A04 32 95 )

6. L. E . J e I u t ~c u  and V.  k u c l z c i , ~T1i~i cc—Vd: ~c hi~s ~enai. Ccni pu ta t.~on~Vc~/ i rne i i :  45 ° Ob4.’~ cuc ZWpa C t”, &Z~’f c/~ t~~c Re.~ect.~ch LaL’u~~a tcOu;
Ccii t .~ccctc ’i Repc ’lt No. 354 , Nov oinbe’i 1977.

7. i~ . E . Joh tmon and V. kuclic , “Tti . :  c i — D o l I c i i s  ‘n~ L Cci ’~’cc HI t (~~’ 1~~5

VoPun e 11/ : 77 .5 ° Ob.t ..~.quc l nbi:a c t ’1 , baU ~.~ t c  Rc~ ca zcI1 L a b c z a  te~ c’
Covi.t.’tac ~t Repok.t AR 8 RL- CR-356 , V~c enibeA 1977.

g • J .  H .  T~J1O.t~On , “Mi ’tc ~f e c c  E q a . ~~on.~ o/  State ‘ c i  h I ~1.’C~~I C ~ L C c to
~l Gu..e~ G i h I c  ‘iaf A toa cc , GA— 3 216 , J~ C1 ,’ 19 62 .

I
‘~~~t~ D I G  CT j l’IU€D



A view of a three-dimensional grid is shown in Fi gure 1. Each cell
is  i d e n t i f i e d  by tile coord ina tes  (I ,J ,K ) ,  which  number  the  c e l l s  in the
x ,v ,z-directions , respectivel y. The overall size of the computational
grid was x = 33.139 mm by y = 55.270 mm by z = 9. 732 mm. The maximum
number of cells in the x-direction was I = 40, in the y—direction , J = 52 ,
and in the z-direction , K = 17. The total number of cells in the grid
was 35,360. Table I presents the dimensions of the cells , DX , DY , and
D , arid the grid coordinates as shown ~n Fi gure 1. These da ta  are
di~ p l;iv ,d in Figure 2.

Th.~ .y— p lane was used as a plane of S~ m n e t r v  t h roug h the bar in
order  t o  keep the number of computational cells at a minimum . Since the
w idth of the bar w a s  four  c e l l s , the  bar w a s  two c e l l s  wide  from tile
p l a n e  of s v m m e cr v . Fi gure  3 shows the  p e n e t r a t o r - t a rg e t  c o n f ig u r a t i o n
as i t  i s  l o c a t e d  in t he  compu ta t i ona l g r i d .

III. GRAPh ICAL RESULTS

The numerical output of t he  compi~t a t ons is p resen ted  as d e n s i t y
and pressure fields. The density and p r e s su re  are p l o t t e d  on a two-
d i n i e i s i o na l  sp a t i a l  p l a n e  hav ing  the  coordinates corresponding to  t h e
centers at’ cells. Tue fields are plotted such t h a t  a c e I l — n u m b c r
com’dinate is held constant . For examp le , K may be const  a n t  me an i  ~o t h a t
the  d e n s i ty  01’ pressure is being presented for th e ccl ls be twe en  t w o
:— p l a n e s  b o u n d i n g  t i le  K-cells, these hounding p lanes w i l l  be i n d i c a t e d
in  each f i gure .  F i g u r e s  2 and 3 shou ld  be u s e f u l  for  o r i e n t i ng  o n e s e l f
i n  t h e  g r i d .

The d e n s i t y  s c a l e  fo r  the  d e n s i t y  f i e l d  p l o t s  can  he rea l  i :ed f ro m
t h c  i n i t i a l  d e n s i ty  of tile j e t  and ti le t a rge t , 8.9 and 7 . 8 ~I g/ m 3 ,
r e sp e c t  i v e l y .  The J ens i  t v  s c a l e  i s  the  same in  a l l  t he  d e n s i t  f i e l d
P l o t s .

The p r e s su re  s c a l e  i s  not t he  same in a l l  t i le  p re s sure  f i e l d  p l o t s :
t h e r e f o r e , ti le m a x i m u m  rwessurc , Pmax , is i n d i c a t e d  on each f i gu re .

rhe f i r s t  set of f i gu res , F i gures  4 — 2 0 , shows the  d en s i t  and
p r e s s u r e  f i e l d s  at  a c o n s t a n t  t i m e  of 2 ,04 cs for  v a r i o u s  K — s  l ab s  id; i c l i
a r e  numbered  from the  p lane of sy m m e t r y . The j e t  appears  d i s t  in c t
o n l y  when  K = 1 and K = 2 s i n c e , i n i t i a l l y , t he  i e t  was t w o  c e l l s  in
w idt h from tile p l an e  of s y m m e t r y .

The second set of f i g u r e s , 1 i gu r e s  2 1 — 3 7 , slom s t u e  d e n s i ty  and
pres ciire fields i t  c o n s t  a n t  t i mc of 2 .74  ;.s for  v a r i o u s  K — s i  ab s .

The t h i r d  set f f i g u r e s , F i g i i r es  38— 54 , shows the density and
p r e s s i i r c  f i e l d s  at  a c o n s t a n t  t i m e  of 3.09 u s  for  v a r i o u s  K — s l a b s .

The foc i  r t  11 s i t  of fi ~ ii res , F i ~ l l  r e s  55— 6 5 , show s  the  dens i tv  and

‘S

- _ _ _ _  .~~~~~~ ~~~~..--—-—-.- -



pressure fields at a constant time of 3.46 u s for v a r i o u s  K - s l a b s .

A comparison of the density and pressure  f i e ld s  at K = 1 for va r i o u s
times is shown in Figures 66-67.

It’. SUMMARY

Numerical computations were made in 1975 of obli que impac t  p r o b l e m s .
A graphical display of the results of the 60° impac t of a copper jet on
a s tee l  target  are presented for f u t u r e  anal y s i s .  The r e s u l t s  for  the
30 ° , 45 0

, 60 0 , and 77 .5° obli que impac ts  are presented in s e q u e n t i a l
vo lumes .

9
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Table I.  Grid Coordinates and Cell  Dimensions

I x (mm ) DX (mm) J y (mm) DY (mm) K z (mm) 01 (mm)

1 2 .847 2 .847 1 3,495 3, 495 1 0.314 0.314
2 4 . 541 1.694 2 6.990 3, 495 2 0.62 8 0.314
3 5.896 1.355 3 8.790 1.800 3 0.942 0.314
4 6.980 1.084 4 10.390 1.600 4 1.256 0.314
5 7.965 0.985 5 11.790 1. 400 5 1.601 0 .34 5
6 8.861 0.896 6 12.990 1. 200 6 1.981 0.380
7 9.675 0.814 7 13.990 1.000 7 2.399 0.418
8 10. 415 0.740 8 14.790 0.800 8 2 .859 0.460
9 11.088 0.673 9 15.390 0.600 9 3.365 0.506

10 11.707 0 .619 10 15.890 0.500 10 3.921 0.556
11 12. 263 0 .556 11 16.290 0 .400 11 4.540 0.619
12 12. 769 0.506 12 16,604 0.314 12 5.213 0.673
13 13 ,229 0.460 13 16.918 0.314 13 5.953 0.740
14 13.647 0.418 14 17.232 0.314 14 6.767 0.81~15 14 .027 0 .380 15 17 .546 0.314 15 7.663 0.896
16 14.372 0.345 16 17.860 0.314 16 8.648 0.985
17 14.686 0.314 17 18.174 0.314 17 9.732 1.084
18 15.000 0.314 18 18.488 0.314
19 15.314 0.314 19 18.802 0..,14
20 15,628 0.314 20 19.116 0.314
21 15.942 0.314 21 19.430 0.314
22 16.256 0.314 22 19.744 0.314
23 16.570 0.314 23 20.058 0.314
24 16.884 0.314 24 20.372 0.314
25 17.229 0.345 25 20.686 0.314
76 17 .609 0.380 26 21 ,000 0.314
27 18.027 0.418 27 2 1.314 0.3 14
28 18,487 0.460 28 21 .628 0.314
29 18.993 0.506 29 21.973 0.345
30 19.549 0.556 30 22.353 0.380
31 20.168 0.619 31 22 ,771 0.418
32 20.841 0.6”3 32 23. 31 0.460
33 21.581 0.740 33 23.737 0.506
34 22.395 0.814 34 24,293 0.556
35 23.291 0.S96 35 4.912 0.619
36 24.276 0.~ S3 36 25 ,585 0.o73
37 25 .360 1 .084 37 26.325 0.740
38 26.715 1 .355 38 7.139 0.814
39 28.409 1 .t94 39 28.035 0.896
40 33.139 4.~ 3O 40 29.020 0.985

41 30.104 1.034
42 31 .459 1.355
43 33.153 1.694
44 35.270 2.117
45 37.770 2.500
46 40.270 2.500
47 42 .770 2.500
48 45. 2 70 2 .5 00
49 47.770 2.500
50 50.270 2.300
Si 52 .~~70 2.500
52 55.270 2 .500

10 
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